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Abstract: Sansha Bay in East Fujian is the most typical closed bay where many rivers flows into. It is the largest cage
breeding base for Pseudosciaena crocea in the world and one of most important fishery breeding bases in China. However,
several surveys have found that the algae production in this bay is far low compared to other bays, which presents the unique
ecological characteristics of “more nutrients and less algae”, but the mechanism has not been discussed in-depth. Using fixed-
stations and large-scale navigation methods, in this study it investigated the tidal movement and spatial distribution of five
nutrients (active silicate (Si0;-Si), nitrate nitrogen (NO,-N), nitrite nitrogen (NO,-N), ammonia nitrogen (NH,-N) and active

phosphate (PO,-P)) in 2018-2020. The results show follows. (1) The upstream input causes the ebb concentration of SiO,-Si
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and NO.-N to be greater than the rise concentration, and they decrease linearly from the shore to the bay with salinity. (2)
The aquaculture in the bay and the output of the natural ecosystem cause the rise concentrations of NO,-N, NH,-N, and PO,-
P to be greater than the ebb concentrations, and the concentration in flood season is greater than that in the dry season. NO,-
N increases nonlinearity with salinity from the shore to the bay instead of it is an abnormal phenomenon that NH,-N and PO,-
P are evenly distributed along with the increase of salinity. However, the fall concentrations of NH,-N and PO,-P near the
coastal sewage outlet are greater than the rise concentration. (3) The high concentrations of NH,-N and PO,-P imported

from sewage discharge in the bay and coastal areas are the main cause of serious water pollution. Eutrophication in the Sansha

Bay is the main factor of the unique ecological characteristics of “ more nutrients and less algae”.

Key words: Sansha Bay; abnormal nitrite nitrogen; nutrients; eutrophication; ecology.
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Fig.1 Distribution of surface water samples in the Sansha Bay
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Table 1 Classification of potential nutrient levels
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Table 2 Five nutrients of three fixed-stations fall rest/rise

rest ratio
Si0,-Si  NO-N NH-N PO,P NO,N
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S3-Eh H 1.19 1.38 0.69 0.50 0.62
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V&L 4350 R S2 119 0.30 #10.70, S3 11 0.69 1 0.50.

22 EFHEBRENTANARESHE
PN T A = B A Ol = ) YN S ]

S1-KR 4%

KR
ER pE
&

K& (m/s)

9_
8
7L
6}
5t
4k
3t
2t

TR WONY R AR, H & X BUFE R e A
DO, R RE N I e R R M S EH )R
14%~20%.Si0,-Si . NO, "N M f# [ ¥ 5 52 @ &
WD R AR, R X B R B A TR
B EEEMKESEWO,S AW I L
At A 2 Si0,-Si . NO,-N g 4> i BE 43 5l A 20~
111.6 pmol-L ' (52%~86% ) . 20~30 pmol-L '
(67.5%~83.3% ). 53 A, #li %= SiO,-Si. NO,-N
e BE Y W3 R TR R W T X (A e
2 % R 12.5~34.7 pmol-L ' (30%~63%)
12.3~23.2 ymol+L "' (31%~96% ) ; NO, N 4
T DIN M EZ N (E 3HFE4).

S3-Eh

. FeerRm
— R

RZWIEC)

w

& (umol/L)

W P (umol/L)

;oL I ! I

12 16 20 0 4 8 12 18 0
2018/6/28 IR 1] 2018/6/29  2020/6/4

12 18 217 13 19 1
2020/6/5 2020/6/6 R[] 2020/6/7

P2 o i 7K SCRIE 3 0 30 9% 2 1k
Fig.2 Tidal changes of hydrology and nutrients at fixed stations



11 ) PRVK A4 =00 5 R R R R B R R 1 5 WL B a1

119°40'0" 119°50'0" 120°0'0"E 119°40'0" 119°50'0" 120°0'0"E
T T T T T T
(b)Si0,-Si

Z

o

(=2 -

w

g

=l

N

>

S

2L N - . :

% w HA7(%o0) HA(pmol- L)

& o L a0
B 1216 [ 0-s0
.o C Elew

: . — B < o

(=] ’ -

g X B 47 X B 100-120

o -

% I 2732 B 20-146

N

I 1 I T T T
(c)NO,-N (Q)NO,-N

Z

o

(=2 = -

v

g

o

o

26°40'0"
—
)6@%%’

A7 (umol-L™)

{7 (umol-L™)

[ ]13~2s 24
[ 25~38 I 45
B T X

s % - l 50-2 5 B s

L L B -5 R X5 s

© Bl 7590 B 0-12

T T T T T T
(e)NH,-N

z

o

S - -

3

el

(]

s

=3

S B .

£ LA (umol-L™) A7 (umol-L™)
]2 . -
] 1218 = 23
B 13-24 B 335

) 3 B 2430 % - i ;-

2L e B ;0-40 L K5 . -5

3

S . o052 . s

K3 20204F 6 H fiy =0 ¥ RJZ KR ERBE 5 5 W05 F7 $5 25 0] J3 A FRAE

Fig.3 Spatial distribution of salinity and nutrients in surface water of the Sansha Bay in flood season
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2020) , [F] B, V5 9 F & B E R W R BOR A Y
DL N A A W R B 5 (Black ez al., 1997 Hall et
al., 1992) , HFE T2 F 43 fif 1 25 77 4 K & NO,-N,
NH,-N #l PO,-P (5 & B %, 2001; £ 3% 5%,
2016). LU, J5 P U0 5 4% 1 5 B0V DY e ok R O R
b AN A BE RS . S A BE A R A B,
T Ak 40 TR G R B 0 i 82 RS T RS Ak B L O B
TG R RS B WA X D R BT NO,N [
NO;-N B 5% 4k i 72 v BLE 4 1M 32 7 22 8L ( 2= Mg
S5, 2007) , V8 P 1 ER B R BE L E — 25 i R R
H AU FR W B i NH,-N |, PO,-P ( i 50 %5,
2011). Lt , TS N SR E IR R R =V D
NH,-N . PO,-P . NO,~N 7 ¢ (1) 4E & 57 PE 47 Ry 5 3t
% NO,-N B Fh B2 385 i 5 fm 69 5 % #¢ Ak (& 5b) .
33 BERWMASHESIIENH,-N.PO,-PRE

NH,-N.PO,-P 7£ S1 uf i ¥ &8/ 5k B LU H K T
1, 1M 7E S2.S3 i i b {5/ F 1, IF H S135 NH,-N |
PO,P ¥ B AH I T S2.S3 3, H NH,-N uk i 5t
T NO,NMEER (F2c,2d,3£2), £W S1H
NH,-N.PO,-P Rk H T EUF 7T A, M S2.,
S3FEER A TSN . K e R A &Gk A skK
& NH,-N Kk Z /16  NO,-N, PO,P Lk £ # 4=
Yy i, NH,-N Hl PO,-P ¥ B — £ ¥/ T 0.02 mg/
LK Bbn il ) AE 28 ad K R 25 fiy iz Tl 7K v, B
fili W K 2 32 KB E 5 A NH,-N #l PO,-P, H
NH,-N 1 2 76 K B 5 iz vh 78 2 i 1k, = 80
e B A Ik F NO,-N, H NH,-N/DIN ) HfE A
o, A VT B IR R AR 32 3R K iR B NHLN/
DIN [ {8 R 7.7% ( £ 3¢ ¥ %, 2016) F1 102 (B
BE S, 2017), {A )& S1 3 NH,-N . PO,-P ik i &
T S2.S3 3k, h B NH,-N # & K T NO,-N,
NH,-N/DIN - ¥ AR & 35 445 H I, 3 i 25
Ut B K A NH,-N VR B HURE Sk BB O U R A
7 18 3 X 1% ¥ HE i A ) L R & FE g AL
X I B 7 A T 0 T A 35 K A B K OP B AR
34 BRFENLGEEAMNKR.EEFURES
INE R0

Zi oyl LA, =i v SiO,-Si.NO,-N
FE K A B, M NO,-N NH,-N . PO,-P £Z kK [
VA PN R BRI R O K R TR 25 S T P Y K
T IR A B A IS IR 7R A R
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TG, BAR ST S22 ARk YA NO,-N — I i
JE 5t K F DIN DU K 5 19 (5 {H (35.7 pmol-L. ™) ,{H
S3HI/NTF 35.7 pmoleL ", H. A HB4 K i 3 #t 2 NO,-
N % /T 35.7 pmoleL " {1 45 5, 28 W A6 I 38 i
A NO,-N, = V0K BT i A 2 T % Ak 2] 7Y 28 K i
{EL75 PN 52 50 AT B2 3 A NO,-N ONH,-N . PO,-P &
i DIN Ve B 8 88 U 2K i (&1 2 fn el 4)

HY, 3Tl AR TET il Al 2R NO,-N
BEH R F 2141 pmol-L (& HF TFHR)ML R,
Fe WA G W U A NO-N, = 70 75 K 53k 35 ) 5
B ALK HT P 55 G RV R A NOL-N
NH,-N . PO,-P & it A 2= K i 3 DIN/DIP Lt {H
¥ <8 (R BRI B4 ), H A 30%~40% M 3 {7
<30 (B PR B ), 02 5 B0 = U K R Ak TR
SRR B v A5 R R SR B (V) B TR A

34, NH,-N NO,~N J& 5 M9 i, B 5 3 1 41
TR W) B A 7 (Parker et al., 2012) , V5 N 35 45
WY R A BOE N AR TE B EE NHL,-N L ONO,-NL R
5 %t i B DL A5 A ) e A BB EE T LR
V5 & 22 FBR , M R i £ R S IE AR K (R
WM R IR, 2011; &40 55 45, 2014). BLAh 5 W
NH,-N.NO,-N 1 7 #& &£ 5 4 HL 51 19 43 fif % U A
K, B 7 il A BL BT 43 T FE K K AR
52T P R AR e (R AE, 20165 R i
&, 2017) AR R F BN L S W E NH,-N  NO,-N
WL, o A KRR A F R R R,
R G UCE L (CRIBLE, 2014) . R I, V85 P9 5% 5
U S B0 W B9 NH,-N ONO,-N 3 53
EBNCERZBEEDREZTMNEEHEER.

4 ZEip

(1) =7 N SiO,-Si NO,-N M 1] 1 i 3%
Wk /L, 5t PR g Z A R S PR AR AE 5 NO,-N W R [5] 1 Fifi
Eh RN R, W NH,-N PO,-P 8431 2 L4557
PERFAIE , 35K FlRe AE 15 185 P 7 5 2 DI AE OG

(2) 7 181 5 K HE i 5 BoHE s 1 X5
(S1#5)NH,-N . PO,P 2y # K Fik# , 5 S2.S3
A2, ST b A NH,-N & 8 % # F NO,-N.

(3) V85 PN 5 BB RIS 5 i AR 30 = V0 VS K R
VU 26 K BT s o Ak T A R - b SRR R
F5 Wy B, 150 %% B 37 5H 1 Y = W NO,-N U B i
W BRZBRBDREZMELENEZ —.

Bt BT A AR S B4R 0 £ 5 AR
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